• FMT was safely performed in SCT patients, with 3 complete responses and 1 partial response.
• Temporal microbiota dynamics seem linked to gut condition and effector regulatory T cells also increased during response to FMT.
Increasing evidence indicates that the gut microbiota is closely associated with acute graft-versus-host disease (aGVHD) in stem cell transplantation (SCT). Fecal microbiota transplantation (FMT) could represent an alternative treatment option for aGVHD. However, FMT for SCT patients carries a potential risk of infection by infused microbiota because of the severely immunosuppressed status. We therefore conducted a pilot study to evaluate the safety of FMT in SCT. A total of 4 patients with steroid-resistant (n 5 3) or steroid-dependent gut aGVHD (n 5 1) received FMT. No severe adverse events attributed to FMT were observed. All patients responded to FMT, with 3 complete responses and 1 partial response. Temporal dynamics of microbiota seemed to be linked to the gut condition of patients and peripheral effector regulatory T cells also increased during response to FMT. FMT was safely performed in our patients and might offer a novel therapeutic option for aGVHD. This trial was registered at the University Hospital Medical Information Network (https: 
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Introduction
Although allogeneic stem cell transplantation (allo-SCT) is a curative treatment of various hematological diseases, acute graft-versus-host disease (aGVHD) represents a major cause of morbidity and mortality. Glucocorticoids are used as the first-line therapy for aGVHD, but only about half of patients respond 1 and no second-line treatment has yet been established.
The gut microbiota and its metabolites have been reported to play pivotal roles in intestinal inflammation and the immune system.
2,3 Also in allo-SCT, increasing evidence indicates that the gut microbiota is closely associated with aGVHD. [4] [5] [6] [7] [8] [9] [10] Fecal microbiota transplantation (FMT) refers to infusion of a fecal suspension from a healthy donor into the gastrointestinal tract of a patient to restore a healthy microbiota and cure disease. Manipulation of the intestinal microbiota by FMT may influence the immune system and improve immune-mediated enteritis such as gut aGVHD. However, FMT carries a potential risk of infection by the infused microbiota for SCT recipients. We therefore conducted this pilot study to evaluate the safety of FMT for treating steroid-resistant or steroid-dependent gut aGVHD.
Study design
Four patients with gut aGVHD (steroid-resistant, n 5 3; steroid-dependent, n 5 1) underwent this pilot study (Table 1   11 ). The patient's spouse or a relative who passed the screening for transmissible diseases could be a candidate for FMT donor. The maximum number of treatments was 2 and all adverse events (AEs) that first arose or progressed within 1 week after each infusion were evaluated in terms of the safety of FMT. Response to FMT was evaluated 28 days after the final FMT (cases 1-3) or at the time of maximum response (case 4).
Microbial analyses were performed using 16 ribosomal RNA gene sequencing. For immunological assays, peripheral mononuclear cells were isolated before and after FMT, and analyzed by flow cytometry (detailed information about the study protocol is provided in supplemental Methods, available on the Blood Web site).
Results and discussion
The underlying disease in all patients was acute myeloid leukemia (Table 1) . Case 3 was diagnosed with late-onset aGVHD. The first FMT was performed at a median of 92 days after SCT (60-174 days). All patients received the first FMT while receiving methylprednisolone (mPSL) at $1 mg/kg and showed comorbid infectious complications at the start of FMT (Table 1) .
Median feces volume was 126 g (34-307 g) and the final volume of the fecal suspension was 180 to 230 mL. Fecal suspensions were administered over 4 to 8 minutes via a nasoduodenal tube. FMTs were performed at a median of 6 hours (2.75-9 hours) after feces collection (supplemental Table 1 ). All AEs that were obviously related to FMT were mild and transient (underlined in Table 1 ). Case 4 developed AEs such as hypoxia, paroxysmal atrial fibrillation (PAF), lower gastrointestinal bleeding, cholestatic liver damage, and transplant-associated thrombotic microangiopathy. In addition, case 4 also developed fever 2 days after the second FMT. The possibility of an association between FMT and these AEs could not be completely ruled out. Indeed, gastrointestinal bleeding and PAF may be induced by FMT-related complications such as mechanical mucosal damage by tube insertion, or mental discomfort. However, the patient presented with fresh blood in the stool, not tarry stool, and PAF occurred 4 days after the second FMT. Thus, it seemed more plausible that various underlying conditions, such as poor performance status, hypoalbuminemia (#2 g/dL), severe cytopenias, use of various drugs, or Epstein-Barr virus reactivation, contributed to the development of these AEs. A febrile episode after the second FMT resolved within 1 day and no pathogens were detected. These results thus suggest that normal microbiota 12, 13 might be administered safely in SCT patients (for the detailed clinical course of each patient, please see supplemental Results and discussion).
With regard to response, FMT was effective in all patients, with complete response in 3 patients and partial response in 1 case, and improvement of gastrointestinal symptoms was observed within several days in the steroid-resistant cases. Moreover, the steroid dose was able to be successfully reduced by more than half (mean, 69% reduction) compared with that before FMT in cases 1 to 3 (supplemental Figure 1) .
Clinical courses and temporal microbiota dynamics in each patient are shown in Figure 1A . Case 1 showed favorable recovery from gastrointestinal symptoms after FMT and the final microbiota composition was dominated by Lactobacillus and Bacteroides (Figure 1Ai ). In case 2, improvement of gastrointestinal symptoms after the first FMT was transient and minimal, but gradually improved after the second FMT. Streptococcus decreased after FMT and this became more prominent after the second FMT. The final microbiota composition was dominated by Bacteroides, Lactobacillus, and Bifidobacterium (Figure 1Aii ). In case 3, gastrointestinal symptoms remitted after reescalating mPSL and were not exacerbated. The microbiota after FMT mainly comprised Bacteroides, Bifidobacterium, and Faecalibacterium, and this composition was maintained during the study period (Figure 1Aiii) . In case 4, gastrointestinal symptoms gradually improved after 2 courses of FMT, but eventually flared after rapid reduction of mPSL and tacrolimus for transplant-associated thrombotic microangiopathy (13 days after the second FMT). This patient's feces were eventually occupied by Escherichia at the time of recurrence of gut aGVHD (Figure 1Aiv ). Temporal microbiota dynamics thus seemed to be linked to the gut condition of the patient. Beneficial bacteria such as Bacteroides, 5 Lactobacillus, 8 Bifidobacterium, and Faecalibacterium 14 were dominant in cases 1 to 3, 15 whereas Escherichia, which has been strongly correlated with GVHD in a mouse model, 9 was increased at the recurrence of aGVHD in case 4. The number of operational taxonomic units and diversity of the intestinal microbiota did not fully recover after FMT, even with apparent clinical response (supplemental Figure 2) . These results indicate that full recovery of the microbiota might not be indispensable for response to FMT. Indeed, in most SCT patients, the operational taxonomic unit count was very low compared with that in healthy volunteers, even in patients without aGVHD (K. Kakihana and N.D., unpublished data). Although antibiotics had to be resumed in cases 1 and 2, these patients responded to FMT and did not show exacerbation after restarting antibiotics ( Figure 1A ). Reduced activity against intestinal anaerobic bacteria of the antibiotics used might have contributed to conserve the response to FMT. 16 Furthermore, FMT could be performed without exacerbating comorbid infections in any patients. FMT thus may not negatively affect immunity against infection. Regulatory T cells (Tregs) have been reported as a prognostic cellular biomarker for aGVHD 17, 18 and the number of peripheral effector Tregs (eTregs; Figure 1Bi ), 19 which have been reported as terminally differentiated and highly suppressive, 20 increased during responding to FMT. The eTreg/CD8
1 T-cell ratio showed a similar trend in most cases (Figure 1Bii ). Similar results were obtained for overall FoxP3 Figure 3) . Although 
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somewhat conflicting, our results indicate that FMT might shift the systemic allogeneic immune response to an anti-inflammatory state by changing the intestinal microbiota and might be effective against other forms of aGVHD. Indeed, the intestinal microbiota has been reported to be associated with the entire spectrum of aGVHD. 4, 5, 10 In summary, FMT was safely performed in SCT patients and offers promise as a potential treatment option for aGVHD. Further evaluation to confirm the safety and efficacy of FMT for aGVHD is warranted. Despite the very small number of patients, our results are highly suggestive for elucidating the associations between microbiota and human immunity. For personal use only. on November 13, 2017. by guest www.bloodjournal.org From
